per 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 4 : 
A61M 27/00, 1/00 


Al 


(11) International Publication Number: WO 88/ 00481 

(43) International Publication Date: 28 January 1988 (28.01.88) 


(21) International Application Number: PCT/US87/01691 

(22) International Filing Date: 14 July 1987 (14.07.87) 


(31) Priority Application Number: 

(32) Priority Date: 

(33) Priority Country: 


885,447 

14 July 1986(14.07.86) 
US 


(71) Applicant: R & S ASSOCIATES CO. [US/US]; 2736 

Held Avenue, Louisville, KY 40206 (US). 

(72) Inventor: RENTON, Derric ; 2736 Field Avenue, Louis- 

ville, KY 40206 (US). 

(74) Agents: FISHER, William, J. et al.; Banner, Birch, 
McKie & Beckett, One Thomas Circle, N.W., Wash- 
ington, DC 20005 (US). 


(81) Designated States: AT, AT (European patent), AU, BB, 
BE (European patent), BG, BR, CH, CH (European 
patent), DE, DE (European patent), DK, FI, FR (Eu- 
ropean patent), GB, GB (European patent), HU, IT 
(European patent), JP, KP, KR, LK, LU, LU (Euro- 
pean patent), MC, MG, MW, NL, NL (European pa- 
tent), NO, RO, SD, SE, SE (European patent), SU. 

Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt 
of amendments. 


(54) Title: SURGICAL SUCTION DEVICE 



(57) Abstract v- '"'■"vv-. M^ V ^. \ ■ \ 

A perforate suction up; for removal of surgical debris wSh reduced clogging and with mini'murn trauma to tissue. 
Suction ports are arranged oh the tip so that suction ports which remain unblocked when surgical debris lodges in other 
action ports operate as a vacuum modulator facilitating the removal of the blockage. Further, the likelihood of blocking 
every suction port, thereby aspirating and damaging tissue, is greatly reduced. 


FOR THE PURPOSES OF ItfFOEtMATtON ONLY 


GodesnsedtoidemifyStatespartytothePCTonthe 
cations under tte PCX. 


AT Austria 

AU Australia. 

BB Barbados 

BE Belgium 

BG Bulgaria 

BJ Benin 

BR Brazil 

CF Central Afiican Republic 

CG Congo 

CH Switzerland 

CM Cameroon 

DE Germany, Federal Republic of 


FR France 

GA Gabon 

GB United Kingdom 

HTJ Hungary 

XT Italy 

JP Japan 

KP Democratf c People's Republic 

of Korea. 

KR Republic of Korea. 

II Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

MC Monaco 

MG- Madagascar 


ML Mali 

MR Mauriunia 

MW Maliwl 

NL Netherlands 

NO Norway 

RO Romania 

SD Sudan 

SB Sweden 

SN Senegal 

SU Soviet Union 

TD Chad 

TG Togo 

US United States of America 


WO 88/00481 PCT/US87/01691 


-1- 


SURGICAL SUCTION DEVICE 

BACKGROUND OF THE INVENTION t .- ■^: J -^:: vJ*: 

Field of the Invention ..v. ; 

v This Invention relates to surgical suction devices, for the 
';=.;.,.: removal of surgical debris,; ,-.:>,• ■ -xv > y-: 

Description of the Prior Art r ; ^ ; • : 

Suction devices are used during surgical procedures to remove 
fluicte and debris from the operating field. Various designs have been 
.proposed^ f or these devices. Typically, such devices include a tip 
which Is inserted into the surgical field and a -meaniSi usually a 
.conduit or a tube^ for connecting the tip to a vacuum source, 
: have proven unsatisfactory in some 

vv. aspect. ;;.>V- .'. f :!r ... I-,:, u N ^ 

> The designer ? of a surgical suction device- must consider 
r : v ^ be easy and convenient to use and 

must minimize the amount of disruption to the surgeon. The time 
: required to clear the field may impact both the total length of the 
• procedure and the ability of the surgeon to Identify problems within 
„..■ ^hevfield and complete the procedure. The length of the procedure 
: ; affects both the surgeon and the. patient. Procedures lengthened 
W^,.:iiiuiBces8arliy are unduly tiring to the surgeon and expose the patient 
: to. anesthesia for a prolonged^period;^ Therefore, the time required 
to use the device must be minimized. Ease of 'use, contributes to 
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minimization of the time required to complete the surgery and 
f adlitates operation of the device by less trained personnel. 

The device must also minimize the disruption of the patient's 
tissues. Aspects of disruption which must be considered include the 
size of the incision required and the trauma to tissue should it be 
aspirated into the device. The suction device should not require that 
the operating field be adjusted to accommodate It. Further, it is 
inevitable that tissue will be exposed to suction through 
inadvertence or inability to properly clear the field without 
impinging upon tissue. Therefore, the device should minimize tissue 
trauma by minimizing both the space required to use it and the 
tendency to injure aspirated tissue. 

Further, the suction device must dear the field effectively. 
Typically, blood and other fluids, such as saline irrigating fluid and 
the like, will be present in the operating field. Solids and semi-solids 
such as coagulated blood, bone, chips, excised tissue particles, and 
the like will also be present. All these materials must be removed 
from the operating field without extraordinary effort. The device 
must continue to operate effectively in the presence of these 
materials without requiring repeated and prolonged interruptions to 
unblock the device. 

Various designs have been proposed to satisfy the above- 
described factors. For example, devices which control the amount 
of suction by moving the suction source relative to perforations in 
the tip, are common* See, for example, O.S.. 3,426,759 and 
4,487,600. Some of these devices take advantage of relative 
motion to attempt to shear blockages of the suction tip, as in 
U.S. 3,308,825 and O.S. 4,400,168. However, these designs are, for 
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the most part, not commercially accepted because they are unduly 
difficult to operate. For example, the design in U.S. 3,308,825 
requires that a locknut be loosened to allow the suction tube to slide 
within the suction tip and adjust the number of holes exposed to 
suction. The locknut must then be tightened to fix the location of 
; ; . the suction tube in relation to the, suction tip. U.S. 4,400,168 
requires that the thumb of the user»s hand be utilized when varying 
the number of suction . holes exposed and when sheai^ off 
blockages. The former procedure is complex awhile , the latter 
.., requires a great deal of •. concentration and v manual dexterity. 
Further, shearing apparatus typically require metal, construction, 
. thereby raising costs. Therefore, these designs are less than 
satlsf aptpry. : v • ..--r -:^\ -. 

:> Other, devices vaiy , the amount ;pl suction available by sliding 
a suction tube within a perforated tip fi as in U.S. 4,487,600, or by 
providing an opening between the vacuum, source and the suction 
tip, ? as in German O.S, 1,491,755, However* both designs are flawed, 
. the latter being unwieldy to operate, the former tending to clog and 
make the suction top strong when the suction is directed at only the 
, holes closest to the tip. 

Qther designs, such as UJ£. . 3,963,028, while, simple to 
manufacture aiid operate, are ;pR>ne,to clogging as the tip impinges 
. upon tissue because the to^ are relatively closely 

spaced. Designs which provide f or atraumatic withdrawal of blood, 
such as U.S. 3,623,483, do not provide f or ^adjustment of .suction 
. stre^th. F^^^ 
the field and a pool of blood from which to draw. Therefore, it is 
• ;.. ; .; ;t ,/difficujt : tq us^such a design to^mple^y dry- a field,-.: - ~ h 
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Finally, other designers have circulated anti-coagulant in the 
tip. The anti-coagulant delivery device described in U.S. 3,955,573 is 
intended for use in autologous blood transfusion, therein, anti- 
coagulant is delivered within a bulbous suction tip designed to 
thoroughly mix the anti-coagulant with the blood being aspirated. 
Therefore, the clotting tendency is almost Immediately suppressed, 
thereby preventing clotting and blockages within the device. 
U.S. 2,804,075 discloses an anti-coagulant delivery system and 
teaches that when the suction holes become blocked, anti-coagulant 
accumulates within the tip and usually dears the blocked holes. 
Further, bone chips are said not be able to block the aspirator 
because the holes in the suction tip are smaller than the suction tube 
diameter. However* this does not explain why a bone chip might not 
block the suction tip itself nor how a blockage which is not affected 
by anti-coagularit, such as a fat globule or a piece of excised tissue, 
would be removed. 

•'• Notte 01 tte se devices have proven to be satisfactory. 
Therefore, it is an object of this Invention to provide a surgical 
suction device which is convenient to use, clog resistant, efficient, 
and able to quickly clear an operating field of surgical debris while 
minimizing damage to tissue. It Is a further object of this invention 
to provide a surgical suction device wherein the suction ports are 
disposed In a fashion which ensures that at least some of the suction 
ports will remain unclogged. > 
SUMMARY. OF THE IMVRMTTnM 

In accordance with these and otner objectives, this invention 
relates to a suction device to be attached to a vacuum source for 
removal of surreal debris comprising an elongated section through 
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which the debris Is aspirate*!. The elongated section contains a 
perforate end section In communication with a hoUow central 
suction conduit which forms a passageway for the aspirated debris. 
The perforate end section has a perforate first surface, portion 
extending from the end of the elongated section to the widest part 
of the perforate end section, and a perforate second surface portion 
extending from the widest part of the perforate end section to the 
distal end of the end section. Perforations form suctiqn ports for 
the aspiration of debris through suction port- conduits which 
communicate between the suction ports and. the ^hoUpw central 
suction conduit. A hollow handle, which communicates betwreen the 
vacuum source and the hollow conduit, defines a passageway for the 
aspirated debris. . . u ,. ; ^ ^ y 

The Invention further relates to a suction deyiqe wherein the 
elongated section and part of the perforate .end section are 
surrounded by a, coaxially disposed p^rf oratf , ; ^eeve ; , extending 
sutetantially from the end of the elongated section; to *they widest 
part of the perforate end section and having substantially the same 
i$ size as the widest part of the end. 

brief Description of the drawings 

" Figure .1 illustrates a preferred embodiment of a suction 
device used in the present invention. 

Figure 2 is an end vteyf ;; of the .suction, . device shown in 
Figure 1. . T , . v. * c , . 

; F deyice; : togetoer .with a 

hollow handle according to the jtovMtiom vJ , ^ ;: ^ >« ^ 

Figure 4 shows a preferred embodiment of .the perforate 
sleeve intended to surround, the elongate^ section and part of the 
perforate end section according to the invention. 


Figure 5 is an exploded perspective view of the assembly 
containing the device, sleeve, and handle, of the present invention. 

Figure 6 illustrates a surgical suction device, including a 
sleeve*, according to the invention. 

Figure 7 illustrates an alternative embodiment of a suction 
, : device. ■ ■ •■ ■'• 

Figures 8 and 9 Illustrate the relationship of the intersection 
of suction port conduits with the hollow central suction conduit. 

Throughout these drawings, like numbers are utilized to 
identify like parts. 

DETAILED DESCRIPTION OF THE INVEMTTfiM 

It has been discovered that a surgical suction device can be 
made convenient to use, clog resistant, efficient, arid able to quickly 
clear an operating field of surgical debris while minimizing damage 
to tissue by disposing suction ports on a first surface portion of a 
perforate end section of the device so that these suction ports act as 
a vacuum modulator when suction ports on the second surface 
portion of the tip become clogged. Thus, debris which becomes 
lodged in suction ports on the second surface portion is not subjected 
to the entire vacuum because other ports remato open, similarly, 
tissue is not traumatized by being strongly aspirated into the suction 
ports. 

Lodged debris can often be dislodged simply by moving the 
device or rotating it within the operating field. Similarly, if the 
surgeon desires to remove a large particle from the field, the device 
simply can be removed from the field and wiped oh another surf ace. 
The particle is easily removed from the suction ports because the 
vacuum is modulated by the non-plugged suction ports. Thus, the 
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strength of the vacuum is automatically regulated without the need 
for a separate vacuum adjustment technique, such as the ability to 
expose additional jaicticm ports in the tip. Further, debris which 
■ ' does becoriie lodged in a suction port can be removed without the 
s need for a shearing or cutting device. 

It has also been discovered ; that the fraction of the total 
suction port area which Is oh the first portion of the end affects the 
self-regulation of vacuum distribution. 

It has ten further discovered that to orient the suction port 
conduits from the first surface portion, so that they intersect the 
holiow central suction wndirlt at approirimately equal distances 
from the distal end arid are disposed generally toward the distal end 
of the perforate end section, is desirable because this orientation 
creates turbulence "at that intersection. This turbulence tends to 
ensure that particles aspirated into the hollow central suction 
conduit do not lodge ih the intersection of the hollow conduit and 
the siictiph port ^ conduits.^' 

Figure i illustrates a' preferred embo<toent, of device 10 
comprising elongated section il containing hpUow .^ 
conduit *I4 and perforate end section 12 v through which hollow 
central suction conduit 14 continues. As illustrated, perforate end 
section 12 is bulbous* However, the perforate end of the tip need 
not be bulboite. Perforate end section 12 can have any enclosed 
shape which provides a first surface portion 16 extending outwardly 
• frbM the end 18 of elongated section 11. Hollow central suction 

/v - '<bndiitl4 J TOhtinuiK through perforate end section 12. First siirf ace 
1 -'"''jetton 16 can be of ahy shape wliicli is. narrow at one .end and 

wiriest at the ot-hsr. An example of another suitable fQst surf ace 
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portion is a fnisto-conical section, those skilled In the art are 
f amilar with other suitable first surface. 

First surface portion 16 need not be oriented on the axis of 
hollow central suction conduit 14. instead, first surface portion 16 
could be oriented at an acute angle from the axis of hollow central 
suction conduit 14. Figure 7 is an illustration of a tip with such an 
orientation. Further, hollow central suction conduit 14 need not be 
straight. It may have any curve or compound curves desired. 

Figure 2 depicts an end view of perforate end section 12, 
dearly illustrating a planar face 15 and the relationship between* 
suction ports 13 in the second surface portion of perforate end 
section 12 and suction port 20 in planar face 13 of the second 
surface, portion. The embodiment "illustrated therein has three 
suction ports 13, each of which is substantially the same size, 
symmetrically placed about second surf ace portion of perforate end 
section 12, and one suction port 20 centered In planar face 15. For 
the purposes of this invention, the suction ports 13 In the second 
surface portion of perforate end section 12 should be of the same 
size and these suction ports, together with suction port 20 in planar 
face 15. If the second surface portion has a planar face, should be 
symmetrically placed about the face and the second surface portion 
of the end, thus ensuring even distribution of suction. 

Although the size of the suction ports Is not critical, certain 
criteria should be considered when sizing the suction ports. As 
already described, the suction ports on thesecond surface portion of 
the end should be of the same size and symmetrically placed to 
ensure even distribution of the vacuum. Within these constraints, 
the number of suction ports is theoretically unlimited. However, 
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practical considerations establish limits on the suction port size and 
. ^ placement Although two. suction ports could be symmetrically 
arranged on the second surface portion of perforate end section 12, 
,. the operability of the device would be reduced. Therefore, the 
fewest preferred number of suction ports in the second surface 
portion of perforate, end section l2 is three.; 

,Tlxe suction ports <^mmunica^ central suction 

conduit 14 via suction port; conduits. Each sue tion port conduit 
preferably has the same cross-sectional size and shape as the suction 
port with -which it communicates. However, the suction port 
, conduit can have any cross-sectional size and shape which is not 
:: smaller than the cross-sectional size and shape of the associated 
suction port.,. This -limitation : ensures that Solid or semi-solid 
, particles of dieb^ . aspirated throi^h the suction port will thus also 
be aspirated through toe suction port conduit. 

Suction , pqrt conduits need not be any -particular length. 
Figure 8 Ulustrates the relative length of suction port conduits 23, in 
communication with suction ports 17 in first surface portion 16, and 
,p ; suctiqn ^ in a 

preferred, embodiment ; of this invention.- - Although suction port 
. conduit 21 preferably is short, as illustrated in Figure 8, it could be 
extended further into the interior of perforated end section 12. 
. The majcimum number of^suction ports is limlted;^^ 
. , to manufacture a device haying ^ficient structural strength and by 
.. v ,. : <:the minimum, desired- suction pprt size. -i - The flatter criterion 
' ;;; rl establishes the? practical limitation, fop the purposes of this 
: ; : i .inyentton, as the suction ports must be large enough to aspirate at 
, teast sonie of the non-fluid debris. .-. This debris, such as fat glpbules, 
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excised tissue, clotted blood, bone chips, and the like, can be 
removed either by aspirating the debris or by allowing the debris to 
become trapped in a suction port and then removing the suction 
device from the field to physically remove the entrapped debris 
Therefore, those skilled in the art will be able to select the size for 
the suction ports disposed about the perforate end portion of the 
device and a symmetrical arrangement of these suction ports 
suitable for the purpose intended. 

The suction device of this invention is particularly useful in 
orthopedic surgery. During such surgery, suction devices are 
required to remove dense viscous fluids, irrigating fluid, particles of 
bone and plastic, and similar debris. In such use, the preferred 
diameter of each of the three suction ports 13 in the second surface 
portion of the perforate end section 12 is between about 0.09 to 0 is 
inch, more preferably between about 0.10 to 0.13 inch. Further, the 
preferred diameter of suction port 20 in planar face 13 is between 
about 0,15 to 0.20 inch, more preferably between about 0.16 to 0.18 
inch. Such dimensions are advantageously utilized to aspirate the 
above-described debris. However, these guidelines should in no way 
□e considered limiting because, as is clear to those in the art, other 
dimensions could be utilized advantageously in other applications. 

Figure l further illustrates placement of suction ports 17 on 
first surface portion 16 of perforate end section 12. The suction 
ports.are preferably symmetrically arranged on first surface portion 
16 .and preferably are of equal size to ensure symmetrical 
distribution of the vacuum force. Because suction ports 17 on first 
surface portion 16 are not located on the same surface as are suction 
ports 13 and 20, they typically remain useful even if suction ports 13 
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and 20 become blocked for any reason. Thus, the device 10 can be 
advantageously utilized to aspirate pools of fluids containing solid 
. / and'semi-solid debris which tends : to blpck suction ports 13 and 20. 
if Suction, ports . 17 also function as an. automatic vacuum 

& ■ modulator, facilitating operation of the tip under conditions 

conducive to blockage. Debris which becomes lodged in suction 
ports 13 and 20 is not subjected to the entire vacuum force because 
suction ports 17 remain open. Therefore, a large particle can be 
removed from the suction port with a simple wipe on a surgical 
towel, sponge, or other suitable area. The vacuum need not be 
temporarily interrupted to remove the blockage. Further, suction 
ports 17 continue to function while suction ports 13 and 20 are 
blocked, thus continuing to remove fluid'and debris from the field. 

The vacuum modulation feature of, the Up of this invention 
also reduces trauma to aspirated tissue. Tissue aspirated into, suction 
ports 13 and 20 does not typically receive the entire force of the 
vacuum because suction ports 17 will typically , remain open. 
Therefore, injury to aspirated tissue is reduced. 

When the device of this invention is used in orthopedic 
;h "' r surgery, a preferred embodiment is to utilize three suction prarts 17, 

jfc" • : each having a cttameter of between about 0.06 tp 0.11 inch, 

preferably between about 0.08 to < 0.L0..in<A.. /The^dimen^ons are 
advantageously used to aspirate debris from orthopedic surgery, but 
in hd way should they be considered limi^tng. Those skilled in the art 
if 'wiU^l» able to adapt the structure for use in surgery and applications 

1 o wherein different suction port dimensions and arrangements will be 

• ■ ' effective. ; 
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Vacuum modulation is affected by the ratio of the eross- 
sectional area of the suction ports 13 and 20 on the second surface 
portion of perforate end section 12 to the cross-sectional area of the 
suction ports 17 on first surface portion 16. Therefore, those skilled 
in the art will be able to adjust this ratio to satisfy particular needs. 
For orthopedic surgery, a ratio between about 1.3 to 10 is suitable, 
with a ratio between about 1.9 to 4.3 preferable. 

the suitability of this suction device is' enhanced by its 
superior ability to aspirate bone chips and other solid or semi-solid 
debris such as fat globules, blood clots, excised tissue particles, and 
the like. If such material becomes lodged in a suction port, it can be 
removed by removing the device from the surgical field and wiping 
thetip. However, this invention is especially suitable for removal of 
semi-solids without disrupting the surgical procedure. First, it is 
sometimes possible to remove semi-solid blocking material merely by 
moving the device within the field to cause the semi-solid material 
to contact a plurality of suction ports. The additional force which 
will then be brought to bear on this semisolid material Is often 
sufficient to break the blockage into a plurality of pieces small 
enough to be aspirated. Second, it has been discovered that the 
suction port conduits can be arranged within the perforate end 
section to create turbulence at the Intersections: of the suction port 
conduits and the hollow central suction conduit within the device. 
This turbulence impinges upon that fraction of the blockage which is' 
within the suction port conduit or which Is caught on the 
intersection of the suction port conduits and hollow central suction 
conduit, and typically dislodges the blockage. 


^Figure 8 Illustrates -the preferred orientation of suction port 
, .conduits 11, which are associated -- : wi^-:^tlQas;pQris.l7'- to first 
: surface portion 16. The reiativ%locatipn of the intersection of one 
suction port conduit 22 with hollow central suction conduit 14 is also 
. illustrated.- Similarly, Figure 9 ; illustrates the preferred orientation 
of suction port conduits 22, which ^ associated with suction ports 
13 in the section surface portion of prorate end portion 12. The 
relative location of the intersection of one suction conduit 23 with 
hollow central suction conduit 14 is also .shown. .Each figure also 
illustrates the, location of suction port 20 and miction port conduit 

Although suction port conduits 23 and 22 could be disposed 
• perpended to hollow central .suction conduit .14, the preferred 
arrangements ^re illustrated in Figures 8 and 9. Preferably, hollow 
central suction conduit 14 and suction port conduits 2 3 intersect at 
approximately equal distances f rom : the distal end or perforate end 
section 12, ^d suction port conduits r 23 are dispose gener^y in the 
direction of the distal end of prorate end section. v 12 t; Further, 
suction port conduits 22 pr^erably totersec 
. conduit 14 at approximately .^^<^ of 
t , perf orate end section 12, and suction port conduits 22 : are .disposed 
generally away from the distal end pi, perforate end: section 12. 
Finally, the intersections of hollow central suction conduit 14 with 
suction port conduits . 22^ are preferably closer to the: distal end of 
u pertprate end portion 1 
suction conduit. 14 with suction port conduits .23. ; v: . y ■* ^ 

Figure 8 . further illustrates that- hollow ::> cen^---:.suetioh'' 
conduit 14 preferably has a diameter ^ larger .than any.of the suction 
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ports and suction port conduits so that aspirated material does not 
become lodged within the device. To dislodge such a blockage would 
require taking the device out of service and manually removing the 
Htakage. In a preferred embodiment for orthopedic surgery, hollow 
central suction conduit 14 has an interior diameter of approximately 
0.18 to 0.23 inches, and is preferably larger than the largest suction 
port or suction port conduit. Those skilled in the art can change this 
diameter to one more suitable for their intended use. 

Figure 3 illustrates the use of the device in conjunction with 
hollow handle 30. As can be seen in the figure, handle 30 is hollow 
so as to form a passageway for aspirated debris from hollow central 
suction conduit 14 to the vacuum source and is adapted at one end 31 
to be removably connected to hollow central suction conduit 14, and 
at the other end 32 to be attached to a vacuum source. The 
particular method of removably attaching these parts to each other 
is not critical to the invention. Although a typical friction-type 
hose connection is illustrated at end 32 Where hollow handle 30 is 
attached to the vacuum source, any vacuum-tight connection 
- technique known to those skilled in the art could be utilized. 
^Similarly, iUustrated threaded connection 31 could be a slip-joint (lug 
and slot), a snap-Joint, or any other vacuum-tight connection 
technique, a positive retention technique is preferred so that the 
device does not become dislodged or disconnected from the handle 
during surgery. A threaded joint is preferred. 

The inside diameter of hollow handle 30 should be ho less than 
the inside diameter Of hollow central suction conduit 14. Further, 
although no special design need be placed on the. surface of 
handle 30, if desired, an anti-slip surface such as the diamond 
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pattern illustrated in part in Figure 6 can be employed. Further, 
^ ; • *'siilti6le "<*6iating -"material ' can ' be' utilized, ."'the' TOtside 'diaineter of 
^ the hollow handle 40 is preferably the same as that of the sleeve and 
v : ' v is adapted to abut sleeve Ad. 

Device' 10 is also adapted to receive perforated sleeve 40, 
** illustrated' tn v -rifl^ire' 4*' .the'''pai^c^;met!^ 'of attachment of 
sleeve 40 to device iO is npt critical for this invention. Figure 5 
' illustrates toe r^ationship between Vsiib^aii^ portion 40' of 
sleere 40 and device 10, and Figure 6 depicts an entire assembly 
indiiding devtee id (of which ohijr thte isecphd surface portion of 
perforate end section 12 is visible), sleeve 40, and handle 30. 
Although no positive attachment device need be utilized, such a 
. ■ device is preferred. Great strain is placed on the sleeve when, for 
v exaipk, the device is utilized to suction a long bone in orthopedic 
surgery. 

One skilled in the art could select a suitable method for 
positively securing sleeve 40 to device 10. For example, shoulder 19 
or perforated end section 12 could be threaded and the appropriate 
• . K end at sleeve 40 < bppo^teiy foreaded.. 5 SI mfiafly , a Staining pin or 

% lug could be placed on shoulder 19 or pertfotated end section 12 and a 
A ' slot appropriately placed on sleeve 40 and shaped so that the pin Is 
received in the slot to retain sleeve 40. If desired, the lug or pin 
portibn of the ^ 

■> ^ - 'elongated section \i. 6f course, other positive retention devices 

w • . ; ban be utilized. Z 2lVS '2°* 2 '-^ 
. i>^&ably f the ^ outside cflmehdbns of handle end .31 sind the 

:? widest ^ i^ensidh of perforate end ^ section 12 are Mibstahtialiy equal, 

* l ' : and the largest dimension of shoulder 19 is sightly smaUer; than the 
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handle. Then, the Inside dimension of sleeve 40 can advantageously 
be selected so that sleeve 40 can be put in place by removing device 
10 from handle 30, sliding sleeve 40 Over shoulder 19 of device 10 so 
. Oat one end abuts against the widest dimension of perforate end 
section 12, and, upon replacement of device 10 on handle 30, the 
other end of the sleeve abuts handle end 31. Further; the sleeve 
must not Mode suction ports 17. It is also preferred that the outside 
dimension of sleeve 40 equal the widest dimension of perforate end 
section 12. Finally, the ends of the walls of sleeve 40 are preferably 
shaped to match the shape of those portions of handle end 31 and 
perforate end section 12 against which sleeve 40 abuts. Matching 
shapes in this fashion helps ensure not only that sleeve 40 Is properly 
centered and retained on device 10, but also that vacuum is directed 
to sleeve 40 and not to the joint between sleeve 40 and perforate end 
section 12. 

> Alternatively, other types of retainers can be utilized. Sleeve 
40 can be urged over the largesrdimensfon of perforate end section 
12 and held against lenpb or shoulder 19 of device. Appropriate 
selection of the dimensions of sleeve 40. shoulder 19, and perforate 
end section 12 allows sleeve 40 to be retained on device 10 by force 
or friction. However, this embodiment is not preferred when stress 
placed on the sleeve might cause the sleeve to be dislodged. 

Perforations in sleeve 40 should be smaller than suction 
ports 17 to avoid blocking suction ports 17 while the sleeve is in 
place. Any solid which is aspirated through the sleeve perforations 
wm thus also be aspirated through the larger suction ports 17. 
Further, the distance between the Interior of sleeve 40 and the 
exterior of elongated section 11 should be at least as large as the 
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perforations In sleeve 40 so that aspirated material does not lodge 
between the sleeve and the elongated section- The diameter and 
. , arrangement ol the perforations can be selected by one skilled In the 

.art.- ............ ^ .- 8 . 

Sleeve 40 is Intended for use L JLn, situations where the volume 
of liquids, to be aspirated is large, or wh^n the device must be 
_ inserted into a deep field. Therefore, use of sleeve 40 Is preferred 
during orthopedic surgery, because large volumes of irrigating fluid 
are typically used to clear the operating field of hlopd, bone chips, 
and the like. Further, the device must often be inserted deep into or 
along side of a bone such as the femur. For such use, the 
perforations in the sleeve preferably have a diameter between about 
0.05 to 0.10 inch, preferably between about 0.07 to 0.09 Inch, but 
preferably smaller than that of suction ports 17. When perforate 
end section 12 Is not placed symmetrically about the longitudinal 
axis of hollow central section conduit 14, the design of the sleeve 
must be adjusted to accommodate the asymmetry, if possible. 

Sleeve 40 is also useful in reducing trauma to tissue. In 
situations where it is necessary to insert device 10 deep into an area 
surrounded by tissue, or deep Into a long bone, as in orthopedic 
1 surgery, sleeve 40 can advantageously by used to ensure that tissue 

or solid and semi-solid debris do not block suction ports 17. 

The superior performance of the device of this invention can 
be utilized advantageously by reducing the size of the device. For 
& example, the widest dimension of the preferred bulbous perforate 

end section 12 for use in orthopedic surgery as described above, is 
between about 0.30 to 0,50 inch, preferably between about 0.32 to 
V 0.44 inch. The length of elongated section 11 can be selected to 
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meet the user's needs. For orthopedic surgery, lengths of between 
about 2 to 3 inches are preferred. 

Any of the appropriate materials of construction for surgical 
devices can be utilized to manufacture the device of this invention. 
The material must be sterillzahie and able to withstand the rigors of 
a surgical field and the force of the vacuum. Preferably, the entire 
assembly is llghtweignt to mitigate fatigue, if desired, it can be 
made disposable. Further, care should be taken to ensure that there 
are no sharp edges on this device, especially at the distal end of the 
'• sleeve. 
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The following example describes an embodiment of the device 
of this Invention. r; : v - 

j >: Example /. ^V.V-- 

A device having a bulbous end as illustrated in Figure 1 was 
fashioned from stainless steel. The widest dimension of the bulb was 
0.37 inches ancLthe length of the elongated section was 2-^1/8 inches. 
The* interior diameter of ^ the hollow central suction conduit- was 0.20 
inches and the hollow handle had an inside diameter of 0.23 inches 
and an outside diameter of 0.38 inches. The. suction ports and 
suction port conduits were circular and were sized as follows: 

Suction Port Identity * Quantity Diameter, inc 

Planar face of distal 1 0.17 

end (20) 

Second surface portion 3 0.11 

of end (13) 

First surface portion 3 0.09 

of end (17) 

Each set of suction ports was disposed symmetrically on a 
circle, Le., equidistant from the distal end of the device. Suction 
port 20 was located in the center of planar face 15 of the second 
surface portion. The remaining ports were symmetrically disposed 
on circles at 120° intervals. The intersections of suction port 
conduits 22 with hollow central suction conduit 14, were equidistant 
from, albeit closer to, the distal end of perforate end portion 12 than 
were the intersections of suction port conduits 11 with hollow 
central suction conduit 14. 
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This device was utilized in orthopedic surgery to remove bone 
chips and completely dry the operating field. The surgery proceeded 
quickly, and the amount of tissue trauma was reduced. 

*' '•*.. * - ;*•• 

Although preferred embodiments of this invention have been 
disclosed herein, those skilled in the art will appreciate that changes 
and modifications may be made without departing from the spirit of 
this invention, as defined in arid limited only be the scope of the 
appended claims. 
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CLAIMS v ; . •-• ,;.:v^.;>v^ ;.--.^V;\ ' 

1. A suction device for attachment to a vacuum -re- 
source for removal of surgical debris comprising: an elongated 
section containing a hollow central suction conduit and .a perfor- 
rate end section extending outwardly from said elongated sec- 
tion and through which said central, sucdon conduit , continues, 
the perfpratiors in the surface, of said perforate end section 
forming suction ports which communicate with said, central 
suction conduit via suction port conduits through said perforate 
end section; said perforate end section having a first surface 
portion with at least one suction port,, thereon extending from 
the end of said elongated sect km to tte.,^ 

end section, which Is wider than said, elongated : ^tloq 9 ai^ a 
second surface portion with at - least one suction, port thereon 
extending from the. widest part of said end -section Jto the 
distal end of said end section. , 

2. The suction device of claim i additionally compris- 
ing X handle portion removably^ ..connected tp said elongated 

\ section containing a ..passageway. • 1q ..commuiU^ation. ...with .said 
central suction conduit and a source of yacmimi^ and -through 
which the debris can be aspirated. . - _ . • 

3. The suction device of claim^l .wherein the >ra$io* of 
the surface area of the sue tipq ports in the second portion to 
the surface are? of the suciioa ports, in . the • first portion, is 
between about 1.3 to 10. ^ 

•'4;* The suction device of claim 3 » ^herein ttie ratio of 
the surface area of the suction ports In the second portion to 
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com,!' 168 sucUon « «Mm I wherein. said suction 

SotaT s )" M »"l^y »bout sea perforate end 

surfsJ' , The SUCffon *"« °< «*m » whereto the second 
surface portion or said perforate end section terminates In a 
planar face portion a, the distal end of said end section. 

T. The suction device of claim « wherein said face 
portion has one Cromer suction port of a diameter^ ," m 
*w «* «o 0.20 inches, wherein the remainder , ^ 
surface portion has symmetrically dispel thereto 
uetion ports each hevtog a dUa»,er of from about St 

ncauy mspo^ thereto three circular suction ports eacft havtoc 
a diameter of from about 0.06 to o.u inches. 

„, ' - „ Tte *vlce Of claim 7 wherein said suction 

ton to said face portion has a diameter of between about ot 
to 01. inches, said auction ports to the re mainder « 2d 

^ inches, and said suetton pom tosUd tet surface portion 
have diameters between about 0.08 to 0.10 toches. 

9. The suction device of claim I wherein said einn- 
fated secflon . adapted to receive a ooatda, perforated 

coa^, 1 "' , ^ SU "' M * VlCe 01 compulsing a 

coaxial perforated sleeve. * 
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? 11. The suction; device of claim 10 wherein the perfo- 

rations of said perforate sleeve are smaller than said suction 
ports in said first surf ace portion. 

12. The suction; device of claim l wherein said central 
suction conduit and said suction port conduits from said first 
surface portion intersect at approximately equal distances from 
the distal end of said perforate end section and said suction 

. port conduits are disposed generally in the direction of the 
distal end of said perforate end section. 

13. The suction device of claim 12 wherkri said hollow 
central suction conduit and said suction port conduits in said 
second surface portion intersect at approximately equal dis- 
tances from the distal end of said perforate end section and 
the suction port conduits are generally disposed away from the 
distal end of said perforate end section. 

14. The suction device of claim 2 wherein the inside 
diameter of said handle portion passageway and the inside 
diameter of said central suction conduit are larger than the 
inside diameter of said suction ports and the inside diameter of 

; " }. said handle portion passageway is at least as;; large as the 
inside diameter of said central suction conduit. 
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